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doi:10.1016/j.jds.2011.09.002Abstract Background/purpose: We tested the hypothesis that there are no differences
between changes in the caries experience in a group of orthodontic patients at high and low
risk for caries.
Materials and methods: Data were obtained from clinical and radiographic examinations of
186 orthodontic patients being treated with a fixed appliance in both arches. Patients were
divided into two groups based on their prebonding decayed, missing, and filled permanent
teeth (DMFT) scores and caries risk susceptibility. Statistical analyses were performed using
the Wilcoxon and ManneWhitney U tests.
Results: Changes in DMFT values were 0.39  0.66 and 1.46  1.24 for the low- and high-caries
risk groups, respectively. Changes in each group were significant (P < 0.001). Differences in
DMFT scores between groups were also significant (P < 0.001). Additionally, males were found
to have higher DMFT values than females. This difference was significant for the low-risk group
(P < 0.001), but was not significant for the high-risk group (P > 0.05).
Conclusion: The hypothesis was rejected; the difference in DMFT scores between the caries
risk groups was statistically significant. Although patients in both groups cared for their teeth
during treatment, oral hygiene after treatment was worse than that before treatment. These
results suggest that conventional oral hygiene procedures, especially for patients in the high-
caries risk group, are less useful in preventing carious lesions during orthodontic treatment,
and thus such patients must follow a very rigid oral hygiene protocol during orthodontic treat-
ment with a fixed appliance.
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with  two DMFT, brushing two times per day, fluoride useTable 1 Visual inspection criteria (modified ICDAS
criteria) used in the present study.
Code Criteria
0 No or slight change in enamel translucency after
prolonged air-drying(>5 s)
No enamel demineralization or a narrow surface
zone of opacity
1 Opacity or discoloration hardly visible on the wet
surface, but distinctly visible after air-drying
Enamel demineralization limited to outer 50% of the
enamel layer
2 Opacity or discoloration distinctly visible without
air-drying
No clinical cavitation detectable
Demineralization involving between 50 of the
enamel and outer third of dentine.
3 Localized enamel breakdown in opaque or
discolored enamel
 grayish discoloration from underlying dentine
Demineralization involving the middle third of
dentine
4 Cavitation in opaque or discolored enamel exposing
the underlying dentine
Demineralization involving the inner third of
dentineOrthodontic treatment with a fixed appliance increases the
risk of developing plaque retention and thus increases the
risk for caries and periodontitis. It is believed that fixed
appliances make conventional oral hygiene for plaque
removal more difficult, and adjacent to the brackets, the
clearance of plaque by saliva and the cheeks is also
reduced.1 In addition, the majority of patients undergoing
orthodontic treatment are teenagers. This may also
enhance the risk of poor compliance regarding plaque
control and prevention.2
When bands and brackets are removed at the end of
active orthodontic treatment, a clinical examination often
identifies the presence of lesions, which may range in
severity from inchoate, non-cavitated to advanced cavi-
tated carious lesions. To minimize the above-mentioned
problems, patients with fixed appliances must follow a very
rigid oral hygiene protocol.
Several reports3,4 documented significant increases in
oral bacteria during orthodontic treatment. They believed
that orthodontic therapy made good oral hygiene more
difficult, modified the oral environment, and increased
caries activity as measured by increased salivary concen-
trations of lactobacilli considered to be the source of acid
for enamel demineralization.
Reports on the caries experience of different risk groups
are limited in the literature. As teenagers easily develop
caries due to having newly erupted teeth, it would be very
interesting to study in greater detail whether orthodontic
treatment increases the caries experience in different risk
groups. The aim of the present study was, therefore, to
assess changes in the caries experience in an orthodontic
patient population with high- and low-caries risk.
Materials and methods
Data were obtained from clinical and radiographic exami-
nations of 186 patients being treated with a fixed appliance
in both arches at the Department of Orthodontics, Faculty of
Dentistry, Ataturk University, Erzurum, Turkey. Selection
criteria were age 12e16 years, being healthy, having no
tooth extraction for orthodontic reasons, and having
a treatment period with a fixed appliance for 18e30 months.
After each examination, information concerning the oral
hygiene status and how to improve it was given to patients.
At the start of the fixed appliance treatment, patients were
instructed to brush their teeth with fluoride-containing
toothpaste three times a day with a modified Bass tech-
nique as demonstrated with a model for a minimum of 3
minutes each time, while using interdental brushing and
flossing as well. A sodiumefluoride mouth rinse was also
prescribed. They were instructed about dietary habits to
restrict sugary food and drink consumption. Their oral
hygiene was checked during routine appointments every 4th
or 5th week and, if necessary, instructions were repeated,
and patients were referred to the Department of Peri-
odontology for additional evaluation of their oral hygiene.
Patients were divided into two groups based on their
prebonding decayed, missing, and filled permanent teeth
(DMFT) scores and caries risk susceptibility related to thepretreatment status. The first group consisted of patients
(toothpaste or rinse/water), a lower frequency of snacks
between meals, and an acidic- and carbohydrate-poor diet.
The second group consisted of patients with 5 DMFT, no
brushing, no fluoride, a high frequency of snacks between
meals, and an acidic- and carbohydrate-rich diet.
Examination of patients
All included patients were examined before and after
orthodontic treatment by two investigators who had at least
4 years of clinical experience in the Departments of Pedi-
atric Dentistry and Orthodontics. Caries experience was
expressed as the decayed, missing (due to caries), and filled
teeth, excluding the third molars. Visual examination
was performed twice, at prebonding and after debonding,
by two investigators. In the event of a disagreement,
a consensus was reached after examining periapical and
bitewing radiographs. Visual inspection was performed
before and after drying the tooth surface with compressed
air. A clinical caries assessment was performed with a mouth
mirror and blunt probe under clinical lighting, according to
modified ICDAS criteria,5 as presented in Table 1.
Statistical analysis
A statistical analysis was performed to determine the
number of patients required for the present study, and
a power analysis was conducted to evaluate the power of
the report. A KolmogoroveSmirnov test was performed to
test the normality of DMFT scores. As the data showed
Table 2 Descriptive data of the patients included in the study.
Female Male Total
Number Mean age (y) Number Mean age (y) Number Mean age (y)
Low-risk group 55 14.5  1.91 38 15.0  2.19 93 14.8  2.08
High-risk group 50 14.2  2.21 43 14.3  2.47 93 14.2  2.29
Total 105 14.3  2.13 81 14.6  2.31 186 14.5  2.20
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and ManneWhitney U tests) were used to analyze the data.
The Wilcoxon test was used to determine whether there
were any significant differences in DMFT scores in each
group, and the ManneWhitney U test was used to compare
mean DMFT changes and the duration of orthodontic
treatment between the caries risk groups and genders. All
statistical analyses were performed using the SPSS software
package program (SPSS for Windows 98, version 10.0, Chi-
cago, IL, USA).
To check for the diagnostic reproducibility of the inter-
rater reliability of the two investigators, 10% of the radio-
graphs assigned by them were randomly examined each day
for 3 consecutive days. Examination of the results using the
Wilcoxon matched-pairs signed-rank test showed no
statistically significant differences between the two
observers, indicating diagnostic reproducibility. Addition-
ally, the clinical examination for detecting decay was
repeated on each day of the first examination to determine
the reproducibility of the method, and no differences were
found between the observers.Results
Statistics to calculate the number of patients required for
this study showed that 93 patients for each group was
sufficient to perform this study, and thus a total of 186
patients were included in the present study. Table 2 shows
the descriptive data of patients in both groups. Table 3
shows the duration of orthodontic treatment in both the
high- and low-caries risk groups and the two genders. The
mean treatment times for the two groups were 22.9  3.87
and 27.5  4.19 months. Differences in the observation
periods among the caries risk groups and genders were not
statistically significant when the ManneWhitney U test was
performed.Table 3 Comparison of the observation periods among the






Female 24.3  3.81 27.5  4.09 25.9  3.97
Male 22.9  2.47 24.3  3.58 23.6  2.96 0.157 0.401
Total 23.6  3.24 25.9  3.79 24.8  3.48
P1 Z result of the ManneWhitney U test comparing the
difference between genders; P2Z result of the ManneWhitney
U test comparing the difference between caries risk groups.In Table 4, changes in DMFT scores during orthodontic
treatment with fixed appliances are presented. Initial DMFT
scores were 0.99 and 6.39 for the low- and high-caries risk
groups, respectively. After the orthodontic appliance was
removed, DMFT scores increased in both groups. Mean DMFT
values were 0.39  0.66 and 1.46  1.24 for the low- and
high-caries risk groups, respectively. Mean changes in DMFT
scores in each group were significant (P < 0.001). The
difference in DMFTscores between the groups was significant
when the ManneWhitney U test was performed (P < 0.001).
Additionally, males were found to have higher DMFT
changes compared with females. Changes in DMFT scores
for males and females in the low-caries risk group were
0.74  0.79 and 0.15  0.41, respectively. By contrast, for
the high-caries risk group, changes in DMFT scores were
1.28  1.35 and 1.51  1.05, respectively. This difference
was significant for the low-risk group (P < 0.001), but not
significant for the high-risk group (P > 0.05). In addition to
those statistical analyses, the power of the study was also
calculated and found to be 0.926.Discussion
The prevalence of caries in teenagers and adolescents in
Turkish populations has been evaluated previously,6 and it
was found to be high. Among the 542 students examined,
76.8% had dental caries. Another report7 published in Turkey
showed that mandibular central incisors are least likely to
experience caries, whereas maxillary and mandibular
molars demonstrate the highest caries rates. Furthermore,
carious teeth are more common among younger patients,
and this rate decreases with age.7 However, there is no
study in the literature about changes in the caries experi-
ence in Turkish dental patients undergoing orthodontic
treatment. In this regard, this investigation is the first
report to evaluate the caries experience in a group of
Turkish orthodontic patients.
The documented effects of orthodontic treatment on the
oral status in orthodontic patient populations are limited in
the literature. Limited studies were carried out by clinical
examinations with various devices such as fluorescence
light,1 DIAGNOdent,8 an SEM study,9 and a cariogram study.10
Some authors1,8 suggested that orthodontic treatment with
a fixed appliance may be compatible with an increased
incidence of caries; thus, orthodontists were criticized.
Some authors,9e12 however, found no relationship between
fixed orthodontic treatment and caries experience. It is still
doubtful whether orthodontic treatment has any positive or
negative effects on the caries experience of patients, and
this problem is especially interesting, as modern orthodontic
Table 4 Statistical analyses showing the changes in the scores of DMFT values in different caries risk groups during orthodontic
treatment with fixed appliances.
Initial DMFT Final DMFT Total changes P value for each group P value comparing the groups
Low-risk group 0.99  0.84 1.38  1.03 0.39  0.66 <0.0001 <0.0001
High-risk group 6.39  1.46 7.85  1.44 1.46  1.24 <0.0001
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treatment, tooth-brushing instructions, and supervision of
the oral hygiene of patients.
The outcome of the present study showed that ortho-
dontic treatment with a fixed appliance increased the risk
of a suboptimal oral hygiene status. This finding is in
agreement with results of several studies.1e4 The increased
prevalence of enamel decalcification during fixed appliance
therapy is partly due to the irregular surfaces of brackets,
bands, wires, and other attachments, which create stag-
nation areas for plaque, render tooth cleaning more diffi-
cult, and limit naturally occurring self-cleansing
mechanisms, such as the movement of the oral musculature
and saliva.9 However, one paper9 evaluated changes in the
caries experience of 26 girls and 26 boys who had received
orthodontic treatment and compared the results to
a control group that consisted of 58 girls and 53 boys who
had not received orthodontic treatment in Norway.
Surprisingly, the percentage distribution indicated a some-
what less intense caries experience in the treatment group.
They explained that regular control of oral hygiene during
orthodontic treatment was the reason for this situation.
However, only a rather small sample was included in their
study. In the present study, the relationship between the
caries experience and fixed orthodontic treatment was
investigated, and also mean differences in DMFT scores and
the duration of orthodontic treatment among high- and
low-caries risk groups and genders were evaluated in
a large sample of orthodontic patients.
It was revealed that the higher the number of decayed,
filled surfaces index a patient has before orthodontic
treatment, the higher the number of Streptococci mutans
and lactobacilli he/she has. This then increases his/her
caries risk throughout orthodontic treatment.10 In agree-
ment with this opinion, DMFT scores in the high-risk group
increased more than that in the low-risk group. Although
patients in the high-risk group improved their bad habits
regarding tooth brushing (pretreatment habits) and their
oral hygiene during orthodontic treatment, the results
showed that changes in DMFT scores were around three
times higher than that in the low-risk group. In a recent
paper, Sanpei et al.13 reported slightly increased DMFT
scores in a high-caries risk group but no change in the low-
caries risk group. They noted no significant difference in
the salivary flow rate or buffer capacity during and after
active orthodontic treatment in either the low- or high-
caries risk group. The probable reason for these nonsignif-
icant changes may have been differences in the number of
orthodontic attachments. All children in the study of Sanpei
et al13 had six attachments bonded, whereas participants in
this study had 24 attachments bonded. Other variables that
might have played an important role in leading to new
caries during orthodontic treatment include the duration of
the orthodontic treatment with fixed appliances and waterfluoridation. Although water fluoridation is used in some
parts of Turkey, it is not used in and around Erzurum. In
addition, significant differences in the distribution of
treatment times between genders and caries risk groups
were not observed in the present study when the Manne
Whitney U test was performed. Therefore, water fluori-
dation and differences in the duration of orthodontic
treatment did not appear to affect our results. By contrast,
Southard et al14 found no significant correlation between
the caries incidence and the duration of orthodontic
treatment.
The caries experience for males in the low-risk group
was found to be significantly higher compared with that of
females. However, there was no gender difference in the
high-risk group. The difference in gender might have been
due to the better cooperation by females in terms of tooth
brushing, use of the sodiumefluoride mouth rinse, and
dietary habits.Conclusions
The hypothesis was rejected; the difference in DMFT scores
between the caries risk groups was statistically significant.
Although patients in both groups cared for their teeth
during treatment, oral hygiene after treatment was worse
than that at pretreatment. These results suggest that
conventional oral hygiene procedures, especially for
patients in the high-caries risk group, are less useful in
preventing the presence of carious lesions during ortho-
dontic treatment, and thus patients must follow a very rigid
oral hygiene protocol during orthodontic treatment with
a fixed appliance.References
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